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T
he Department of Defense (DoD)
plans to increase its investment
in new weapons to about $60 bil-
lion in fiscal year 2001 — a 40-
percent increase over fiscal year

1997. DoD has high expectations from
this investment: that
new weapons will
be better and less
expensive than their
predecessors and
will be developed in
half the time. With
its traditional man-
agement approach
— which produces
superior weapons,
but at much greater
cost and time than
planned — DoD will
not meet these ex-
pectations. How-
ever, current prac-
tices employed by
some leading com-
mercial firms to reduce cost and sched-
ule during development of new prod-
ucts — by as much as 50 percent — can
illuminate ways for DoD to make simi-
lar improvements.

Elemental Step — Changing the
Environment and Incentives
Although Congress can help set and re-
inforce incentives for DoD to complete

programs within cost and schedule, the
ability to do so falls squarely within the
province of DoD’s acquisition practices.
Acquiring weapons more quickly and
less expensively that will still defeat the
threat will require different incentives for

managing programs within cost and
schedule estimates. The best commer-
cial companies succeed in these areas
by providing a development environ-
ment that rewards early attainment of
knowledge, matures technology before
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BOEING 777 AIRLINER. IN MATCHING REQUIREMENTS TO MATURE
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it is incorporated into new products, and
keeps product development focused on
design and production concerns. 

This article highlights observations and
relevant acquisition information from
the General Accounting Office’s (GAO)
work in examining best practices within
DoD and the commercial world. We
found clear differences in the practices

of leading commercial firms and those
of DoD weapon programs. We also
found that the way success and failure
are defined for commercial and defense
programs differs considerably, which cre-
ates a different set of incentives for the
people managing the programs. Thus,
the practices that work — that help a pro-
gram succeed — in the commercial sec-
tor will not automatically work in the de-

fense sector. However, to buy
weapons better, faster, and cheaper,
DoD needs these practices. Chang-
ing the environment and incentives
for programs is the elemental step. 

What We Did and Why
At the request of the Senate Armed
Services Subcommittee on Acquisi-
tion and Technology,1 GAO com-
pleted studies in 1998 and 1999 that
assessed whether best commercial

practices offer ways to improve DoD’s
practices for developing weapon sys-
tems.2 Our studies also examined how
differences between commercial and
DoD environments affect their ability to
employ practices for developing new
products. 

Our first step was to analyze RAND’s
database of over 200 Selected Acquisi-
tion Reports compiled since the 1960s
to determine historical cost and sched-
ule patterns for DoD acquisitions. We
found a consistent pattern of cost and
schedule increases in acquisitions as they
transitioned from development to pro-
duction. We then gathered information
from two major DoD programs, the C-
17 and the F-22, and from two newer
programs, the AIM-9X Sidewinder Mis-

C-17 GLOBEMASTER III. THE U.S. AIR

FORCE/MCDONNELL DOUGLAS C-17 GLOBE-

MASTER III IS DESIGNED TO FULFILL AIRLIFT

NEEDS WELL INTO THE NEXT CENTURY -- CAR-

RYING LARGE COMBAT EQUIPMENT AND TROOPS

OR HUMANITARIAN AID ACROSS INTERNATIONAL

DISTANCES DIRECTLY TO SMALL AUSTERE

AIRFIELDS ANYWHERE IN THE WORLD. 

DEVELOPED BY BOEING, THE JOINT DIRECT ATTACK

MUNITION (JDAM) IS A GUIDANCE KIT THAT CON-
VERTS EXISTING UNGUIDED FREE-FALL BOMBS INTO

PRECISION-GUIDED MUNITIONS.
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sile and the Joint Direct Attack Munition
(JDAM). 

We also visited six commercial firms with
proven track records for innovative and
successful product development prac-
tices: Boeing Commercial Airplane
Group, Chrysler Corporation, Cummins
Engine Company, Ford Motor Company,
Honda Motor Company, and Hughes
Space and Communications. These firms
reduced the cost and cycle time for de-
veloping new and better products.

Continuing our efforts, we visited each
DoD program and gathered data about
the types of information on hand at key
junctures during the development phases
of the program. This included new tech-
nologies needed to achieve performance
characteristics, engineering drawings re-
leased at critical design review points,
and the extent to which key manufac-
turing processes were in control as the
transition to production began. We gath-
ered similar data from each commercial
company. 

Significant cultural differences that drove
behaviors between the two sectors be-
came apparent early in our study. For
example, commercial managers tended

to focus on production and the suc-
cessful sale of the end product, while
DoD managers tended to focus more on
the next milestone review. To commer-
cial program managers, the development
cycle times for weapon system programs
— on the order of 15 years — seemed al-
most like a foreign language. One pro-
gram manager remarked that it was his
experience that people developing new
products cannot truly focus on a goal
that is more than five years away. 

Attaining Key Product
Knowledge Early
Critical to Program Success 
The successful management of cost,
schedule, and performance risk in de-
veloping a product is tied to how soon
the program team attains full knowledge
about key dimensions of the product.
Knowledge means that program man-
agers and decision makers have reached
virtual certainty about an aspect of the
product being developed such as a crit-
ical manufacturing process. In essence,
knowledge is the inverse of risk. Re-
gardless of the product being developed,
at some point in the process the program
team attains full knowledge about all as-
pects of that product. Similarly, we found
the level of knowledge that most signif-

icantly affects program outcomes con-
verges at three critical points:

• When a match is made between the
customer’s requirements and available
technology.

• When the product’s design is deter-
mined to be capable of meeting per-
formance requirements.

• When the product is determined to
be producible within cost, schedule,
and quality targets.

The chart on the left illustrates these
three knowledge points and the differ-
ences between the commercial best prac-
tices we observed and the practices of
the C-17 and F-22 programs. 

As can be seen, the successful commer-
cial firms gained more knowledge sooner
about a product’s ability to meet cus-
tomer needs, performance, and pro-
ducibility. On the other hand, the prac-
tices employed on the F-22 and C-17
programs allowed key knowledge about
all three product dimensions to be de-
ferred until much later in development
— and even into production. As a result,
discovery and resolution of unknowns
(for example, the maturity of key tech-
nologies and ability of the design to
work) continued, even as the program
team was trying to concentrate on pro-
duction concerns. 

As production approaches, the difficul-
ties and surprises associated with gain-
ing such critical knowledge late in de-
velopment invite the discovery of
problems and attendant cost and sched-
ule perturbations. Tracing program
progress through the three knowledge
points will not only show the differences
in how the practices are employed, but
also the potential for recognizing risk —
in the form of absent knowledge — early
in a program.

Knowledge Point 1
A match exists between available technol-
ogy and product requirements. (Indicator:
Product requirements can be met without
depending on immature technology.)

Leading commercial firms will not
launch a new product development un-

Comparison of Three Key Knowledge Points for Commercial
and Military Product Developments
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less they have high confidence that a
match is reached between what the cus-
tomer wants and what the firms can de-
liver. Critical to getting this match is the
firms’ practice of keeping technology de-
velopment from mixing with product de-
velopment. They do, in fact, fund and
take risks with new technologies, but
not on a product they have committed
to develop and manufacture for cus-
tomers. They take their technology risks
off line, and demand a high level of ma-
turity before a technology can graduate
onto a product develop-
ment. For example,
Hughes waited 10 years
for the requisite solar cell
technology and the in-
dustrial base to mature
before developing a new
class of satellites with this
technology. 

Maturity is defined by
proof that the technology
will work and can be pro-
duced at an acceptable
cost, on schedule, and
with high quality. To get
the match between prod-
uct requirements and
available technology, the
companies bring solid
technological knowledge
to the requirements
process in the form of
current, high-fidelity in-
formation from prede-
cessor programs, people
with first-hand experi-
ence on those programs,
or new technologies that
have been proven mature. 

The DoD programs we reviewed did not
attain a match between technology and
requirements at the time of launch. Un-
like commercial products, substantial
technology development takes place on
weapon system programs. In fact, in the
acquisition cycle, a weapon system pro-
gram is launched during technology de-
velopment. DoD accepted varying — but
consistently higher — degrees of tech-
nological risk on the four programs we
reviewed. Although the potential for avail-
able technology to meet product re-

quirements is examined in DoD pro-
grams, requirements are allowed to drive
technology and reach beyond what is
proven. 

For example, although the C-17 was de-
veloped using mostly nondevelopmen-
tal items or commercial parts, its use of
aluminum lithium — a new and un-
proven technology that held promise for
reducing weight on the aircraft — proved
regrettable. It was used on the first 50
aircraft produced, only to lack in dura-

bility and maintainability. Aluminum
lithium is now being removed in favor
of a more proven alloy. 

What piqued our interest in this exam-
ple was the fact that about the same time
the decision was made to include alu-
minum lithium on the C-17, Boeing de-
cided against using it on the 777. Al-
though the alloy’s light weight was highly
desirable as a way to lighten the airliner,
manufacturing managers argued that
not enough was known about its
longevity and how it needed to be han-

dled in the manufacturing facilities. The
alloy was rejected for the 777 on the
strength of these unknowns.

Knowledge Point 2
The design will work. (Indicator: Percent
of engineering drawings available at criti-
cal design review.) 

The completion of engineering drawings
and their release to manufacturing sig-
nify that program managers are confi-
dent in their knowledge that the design

performs acceptably and
can be considered ma-
ture. Both DoD and com-
mercial firms consider a
design to be complete
when about 90 percent of
the engineering drawings
are completed. Both sec-
tors schedule a critical de-
sign review (CDR) to re-
view the drawings,
confirm the design is ma-
ture, and “freeze” it to
limit alterations later in
the process. 

The commercial firms we
visited had released over
90 percent of their prod-
ucts’ engineering draw-
ings by the time of the
CDR, which was held
about midway through
development. Very few
design alterations were al-
lowed after the CDR even
when this freeze raised
program costs, because
the risk associated with
major design changes was

seen as too large. A good example of this
was on Boeing’s 777 program. Early in
the requirements-setting process, one
airline indicated that it wanted folding
wingtips to move the airplanes in and
out of hangars of different sizes. Boeing
accommodated this in the design by
building in a bulkhead to accommodate
a hinge in the wingtip — a feature that
added weight to the aircraft. Later, when
the customer did not need the fold-up
feature, Boeing left the bulkhead in the
design and absorbed the weight penalty

DoD managers see the
acquisition of the weapons

under their purview as aligned
with national interests. They
do what they believe is right,

given the pressures they
face. The difference is that
the definition of program

success determines what is
right, and that definition

differs in the [defense and
commercial] sectors.
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rather than run the risk of a redesign
after the design had been proven. 

CDRs were also held on the C-17 and F-
22 programs midway through develop-
ment. However, at the time only 56 per-
cent of the C-17 drawings were done,
and less than one-third of the F-22’s
drawings were done. The C-17 did not
get to the 90-percent drawing release
level until after several production air-
craft had been delivered. In the time be-
tween the CDR and production, several
technical problems occurred during C-
17 testing that resulted in re-designs, cost
increases, and schedule delays. For ex-
ample, flight-testing revealed that the
wing could not meet requirements and
needed a major redesign. 

Knowledge Point 3
Production units will meet cost, schedule,
and quality objectives. (Indicator: Key
processes under statistical control.)

The companies we visited attained the
knowledge that manufacturing processes
would produce a new product con-
forming to cost, quality, and schedule
targets before production began. This
meant more than knowing the product
could be manufactured; it meant that all
key manufacturing processes were under
statistical process control, such that the
quality, volume, and cost of their output
were proven acceptable. The C-17 and
F-22 DoD programs demanded less
proof of producibility before approving
production. For example, only 13 per-
cent of the C-17’s key processes were
under statistical process control when it
began production in 1989, and seven
years later all key processes were still not
under control. The F-22 was faring bet-
ter, having reported about 40 percent of
its processes under control two years be-
fore production. JDAM reported promis-
ing results, with about 69 percent of its
key processes under control one year
before production. 

The ability to establish statistical process
control for the key manufacturing
processes during product development
is, to a large extent, a cumulative effect.
It is dependent upon the knowledge
gathered from the beginning of product

development (when the firm chooses
appropriate technologies for the prod-
uct), continues through critical design
reviews (when product design is matured
and drawings are “frozen”), and culmi-
nates when manufacturing personnel
achieve consistent results from the
processes.

Different Demands
In recent years, changes leading com-
mercial firms made in their practices for
developing and manufacturing a major
product yielded the kinds of results DoD
seeks. But these practices cannot be read-
ily adopted in the current acquisition
climate. The environment in which a
DoD program is managed imposes dif-
ferent demands on its program man-
agers than those found in the commer-
cial sector. The way success and failure
are defined for commercial and DoD
programs differs considerably, which cre-
ates a different set of incentives and leads
to different behaviors for managing the
programs. Specific practices take root
and are sustained because they work —
they help a program succeed in its par-
ticular environment.

The success of a commercial program is
determined by the amount of profit the
firm makes on items sold to customers.
The point of sale occurs after product
development is complete; program suc-
cess is determined in production when
the customer buys the finished product.
Failure is clearly defined as the customer
walking away and buying a competitor’s
product. This reality, coupled with the
pressure to shorten cycle times to meet
market demands, makes production
concerns a primary focus in the deci-
sion to begin product development and
make technology trade-offs. It shapes an
environment that encourages early iden-
tification of unknowns and judging risks
accordingly. Not knowing something
about a product is not okay — it gets a
“red” in the parlance of DoD’s red-yel-
low-green stoplight chart.

Strong incentives, both positive and neg-
ative, stress realistic estimates of cost,
schedule, and performance. A low-balled
or optimistic estimate could lower profit
or cause the customer to walk away. In

other words, unrealistic estimates invite
failure. As a Chrysler vehicle manager
told us, an important aspect of the pro-
gram manager’s role is to say “no” to any-
thing, such as incorporating immature
technologies that may disrupt the prod-
uct’s cost, schedule, or performance tar-
gets. Moreover, a program manager has
the responsibility to reject a technology
or design feature that might otherwise
improve vehicle performance if those
who propose it cannot prove — with ei-
ther facts and data from predecessor
technology or actual prototypes — that
the component can be produced within
cost, quality, and quantity targets.

The definition of success is more com-
plicated in DoD. The point of sale begins
at the start of program development when
competing demands encourage over-
promising performance while underesti-
mating cost and schedule. Success is mea-
sured throughout development as the
customer (the Services and Congress)
pays for the product on an installment
basis. Production is generally so far off —
perhaps 10 years or more — that it does
not curb technology or design decisions
that promise performance but carry high
cost and schedule risks. By the time pro-
duction does begin, the customer is
deeply vested and unlikely to walk away.
As a result, and in contrast to the com-
mercial environment, success in weapon
system programs is substantially ensured
before end items are produced. 

The pressures and incentives in the DoD
environment explain why the behaviors
— and practices — of program managers
differ from those in commercial pro-
grams. Risks in the form of ambitious
technology advancements and tight cost
and schedule estimates are accepted in
the DoD environment as necessary for
a successful launch. Clearly, some of
these risks derive from the increased ca-
pability desired by the user. However,
the risks are also shaped by the compe-
tition for funding. Problems or indica-
tions that the estimates are decaying do
not help sustain the program in subse-
quent years, and thus, their admission
is implicitly discouraged. Although these
practices can be devastating to a com-
mercial program, they work in DoD



product developments because they can
help a program survive.

To illustrate, the initial production readi-
ness review held for the F-22 in 1995 re-
ported no high risks — no “reds” — de-
spite the fact that less than one-third of
the engineering drawings were done at
the time. In other words, not knowing
was an acceptable risk. The next year, an
independent team found the program
to have significant manufacturing and
producibility problems — and the costs
have continued to escalate beyond esti-
mates.

These pressures of the de-
fense environment are not
unknown.3 A 1994 De-
fense Systems Manage-
ment College (DSMC)
study noted that govern-
ment program managers
found their formal role of
objective program man-
agement at odds with
their informal role as pro-
gram managers.4 The
study, which relied on
over 80 interviews with
DoD and industry pro-
gram managers, also
stated that, “A feeling of
responsibility for program
advocacy appears to be the primary fac-
tor causing government managers to
search aggressively and optimistically
for good news relating to their programs,
and to avoid bad news, even when it
means discrediting conventional man-
agement tools that forecast significant
deviations from plan.”

None of the foregoing should be inter-
preted as a criticism of DoD program
managers’ abilities or intentions. We did
not observe that commercial managers
were somehow better or more ethical
than their DoD counterparts. On the
contrary, DoD managers see the acqui-
sition of the weapons under their
purview as aligned with national inter-
ests. They do what they believe is right,
given the pressures they face. The dif-
ference is that the definition of program
success determines what is right, and
that definition differs in the two sectors.

Nor does the foregoing discussion deny
that tangible differences can exist be-
tween the complexity of military and
commercial products or that user needs
can necessitate taking greater risks on
some military developments.

The point is that attaining technical, de-
sign, and production knowledge is fun-
damental to commercial and DoD prod-
uct developments, and best commercial
practices in these areas can help DoD
programs get better outcomes. Still,
changes in the defense environment are
essential to the successful adoption of

those practices. We now turn our at-
tention to these changes.

Charting a Course for
Better Outcomes
DoD’s guidance on how to prepare
weapons for successful transition to pro-
duction [some of it now 10 years old],
already has much in common with best
commercial practices. In recent years,
DoD has embarked on several initiatives
that draw lessons from commercial prac-
tices, such as cost as an independent
variable and integrated product teams.
However, changing the mechanics of a
weapon’s development, without chang-
ing the environment that governs its in-
centives, may not produce desired re-
sults.

For example, program managers cannot
be expected to meet program cost esti-
mates if technology costs continually in-

crease because of changing requirements
over which they have no control. Thus,
the challenge for DoD and congressional
decision makers may not lie so much in
the “how to” aspects of product devel-
opment as in creating the incentives —
the reasons why best practices will work
for program managers. Therein lies the
challenge decision makers must meet if
they are to realize the goal of “better,
faster, cheaper.”

For commercial practices to help weapon
system programs, they must help a pro-
gram succeed in the DoD environment.

Thus, the DoD environ-
ment must become con-
ducive to such practices.
We think at least two fac-
tors are critical to foster-
ing such an environment. 

Separate Development
First, program launch
decisions must not
hinge on the current
practice of overpromis-
ing performance and
underestimating
resources to be success-
ful. The pressure to
amass broad support to
launch a program
creates pressure to em-

brace far more technology than can
reasonably be delivered on time. The
primary way to relieve this pressure is
by separating technology development
from product development and
redefining the point for launching pro-
grams as the point at which
technology development ends and
product development begins. 

One could argue that this approach
won’t work for weapon systems. That is,
because DoD has to maintain the tech-
nological superiority of its weapons, the
Department has to push technology
faster and to take greater risks than the
commercial sector. Clearly, DoD’s
weapons have to continue their superi-
ority — something they cannot give up
in the effort to be faster and cheaper. The
question is not whether technology
should be pushed but how to make the
push. This is where commercial experi-

P M  :  JA N UA RY - F E B R UA RY  20 0 0 7

Leading commercial firms
achieved these goals [better,
faster, cheaper] because they
asked their PMs to do less to

develop the product, not to
develop technology and

defend the program as well. 



ence is relevant. Leading commercial
firms keep their programs on track by
making the technology push and taking
risks before the program is launched —
not within the bounds of a program
whose purpose is to put end items in
production.

Technology development’s pace and re-
source requirements are hard to gauge;
failures are expected in the discovery
process. In a product development or a
weapon system, on the other hand, suc-
cess is expected. Concomitant with
defining the program launch later in the
acquisition cycle must be the willingness
of decision makers in DoD and the Con-
gress to support research and develop-
ment efforts to advance technology out-
side of individual programs. 

Confront Risks Early
Second, once a program is underway,
program managers must be encouraged
to identify unknowns as high risks so
that they can be aggressively worked on
earlier in development. In commercial
programs, the threat of the customer
walking away forces program managers
to confront risks candidly and attack
them early. Discipline is provided from
within the programs. To help create a

well. The key to achieving similar goals
on weapon systems may well be foster-
ing an environment within DoD that
puts its program offices in a better po-
sition to succeed.
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April 15  . . . . . . . . . . . . . .April 15-16  . . . . . . . . . .Atlanta, Ga.

April 28  . . . . . . . . . . . . . .April 28-29  . . . . . . . . .Fort Monroe, Fort Lee, Fort Eustis, Va.
May 3 . . . . . . . . . . . . . . . .May 4-5 . . . . . . . . . . . . .Fort Monmouth, N.J.
May 4 . . . . . . . . . . . . . . . .May 5-6 . . . . . . . . . . . . .Picatinny, N.J.
May 19 . . . . . . . . . . . . . . .May 19-20  . . . . . . . . . .Fort Bragg, N.C.
June 15  . . . . . . . . . . . . . .June 15-16 . . . . . . . . . .Warren, Mich.
July 12  . . . . . . . . . . . . . . .July 12-13 . . . . . . . . . . .Europe (Germany)
July 13  . . . . . . . . . . . . . . .July 15-16 . . . . . . . . . . .England
Aug. 10  . . . . . . . . . . . . . .Aug. 10-12  . . . . . . . . . .Natick, Mass.
Aug. 23  . . . . . . . . . . . . . .Aug. 24-25  . . . . . . . . .Huntsville, Ala.
Sept. 14  . . . . . . . . . . . . . .Sept. 15-17 . . . . . . . . . .Edgewood/Aberdeen Proving Ground, Md.
Nov. 4 . . . . . . . . . . . . . . . .Nov. 4  . . . . . . . . . . . . . . .Yuma, Ariz.
Nov. 16  . . . . . . . . . . . . . .Nov. 16-17  . . . . . . . . . .White Sands Missile Range, N.M.
Nov. 18 . . . . . . . . . . . . . . .Nov. 18 . . . . . . . . . . . . . .Fort Huachuca, Ariz.
Dec. 20 (tentative)  . . . . . .Dec. 20  . . . . . . . . . . . . .Rock Island, Ill.
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similar situation on weapon system pro-
grams, DoD must send the signals that
create incentives for acquisition man-
agers to identify unknowns and ame-
liorate their risks in early development.
The more powerful vehicles for sending
these signals may be decisions on indi-
vidual programs, rather than broad pol-
icy announcements.

For example, incentives could take the
form of a decision to fully fund one pro-
gram’s efforts to mitigate a high risk iden-
tified early or requiring another program
in which risks are revealed late to absorb
the associated financial consequences.
The indicators we used in the three
knowledge points are one way to iden-
tify such risks earlier. Congress will need
to back these incentives with its actions.

Better Position to Succeed
The goals of better, faster, and cheaper,
are admirable and desirable. Yet they will
not succeed if they are mainly additive;
that is, if weapon system program man-
agers and program teams are simply
asked to do more. Leading commercial
firms achieved these goals because they
asked their program managers to do less:
to develop the product, not to develop
technology and defend the program as

A r m y  R o a d s h o w  D a t e s


